This study was aimed to investigate the effects of room temperature (RT,(20)(21)(22)(23)(24)(25) o C) and absence of medium during cauda epididymis transport on spermatozoa quality, fertility and embryo development. In the first experiment, fresh sperm from one side of cauda epididymis was used for in vitro fertilization, and another side was delivered at RT or 4- Finally, sperm motility, progressive motility scores and fertility of fresh spermatozoa or those from transported cauda epididymis, and IVF embryo development were evaluated.
This study was aimed to investigate the effects of room temperature (RT, 20-25 o C) and absence of medium during cauda epididymis transport on spermatozoa quality, fertility and embryo development. In the first experiment, fresh sperm from one side of cauda epididymis was used for in vitro fertilization, and another side was delivered at RT or 4- Finally, sperm motility, progressive motility scores and fertility of fresh spermatozoa or those from transported cauda epididymis, and IVF embryo development were evaluated.
Progressive motility scores and fertilization rates were higher in fresh spermatozoa than transported sperm; sperm motility of transported cauda epididymis at 4- 33 Introduction 34 Although both cryopreserved embryos and sperm can be used to deliver or distribute animals, 35 cryopreserved samples require a special container for delivery in order to maintain them at the 36 requisite low temperatures. However, the cryopreserved sperm with liquid nitrogen requires 37 bacteriological monitoring before transport registration and several procedures are necessary to 38 obtain pups (i.e. thawing of frozen spermatozoa and subsequent IVF using frozen-thawed 39 spermatozoa), which are often laborious and time consuming. 40 Fresh sperm delivery is ideal and does not require special containers such as dry shippers; 41 however, sperm can be stored at room or refrigerated temperature for only a short duration 42 . 57 In addition, a previous study specifically evaluated the effect of several media on sperm motility 58 and found M2 was the most suitable media for sperm storage at 22 o C (Sato & Ishikawa 2004) . 59 Takeo et al. (Takeo et al. 2012 )compared the effects of other media including M2 on sperm 60 fertility and demonstrated Lifor was superior to M2 medium for maintaining the fertility of cold 61 storaged sperm. Therefore researches have so far proved inconclusive about which medium is the 62 best one for maintaining sperm motility and fertility during storage or transport. 63 In the present study, we transported cauda epididymis at room temperature (RT, 20-25 o C) or at 64 4-8 o C with or without transport medium M2 to maintain humidity, compared the influences of 65 transport medium-free and room tempreature on motility, progressive motility scores and fertility 66 of spermatozoa from the transported cauda epididymis, and the development of resulting embryo 67 was evaluated.
68 Materials and methods 69 Humane care and use of animals 70 We obtained 6-to 8-week-old ICR mice and 6-week-old female BDF1 mice from Guanzhou 87 Two experiments were performed in the present study. In the first experiment (as shown in 88 Figure 1), cauda epididymal samples were divided into four groups (Groups 1-4) and each group 89 was subjected to a different treatment. In each group, all fresh sperm was obtained from one side 90 (A) of the cauda epididymis for IVF, while the another side (B) was transported either with or 91 without medium, depending on the treatment group development between fresh sperm and 92 transported cauda epididymis from the same mouse. In group 1-4, side B of cauda epididymis 93 were transported at RT without M2, at 4-8°C without M2, in M2 at RT and in M2 at 4-8 °C, 94 respectively. We finally compared the differences of sperm motility, progressive motility scores, 95 fertilization rates and IVF embryo development. In the second experiment (as shown in Figure   96 2), cauda epididymis were divided into four treatment groups (I -IV): In group I, side A and B of 97 cauda epididymis from the same mouse were transported at RT with and without M2, 98 respectively; in group II, both sides (A and B) were transported at 4-8°C with and without M2, 99 respectively; in group III, both sides (A and B) were transported with M2 at 4-8°C and RT, 100 respectively; in group IV, both sides (A and B) were transported without M2 at 4-8°C and RT, 101 respectively. We finally studied the effects of transport temperature and medium of cauda 102 epididymis on sperm motility, progressive motility scores, fertilization rates, and the 103 development of IVF embryos. 104 Cauda epididymis collection and transport 105 Male BDF1 mice were euthanized by cervical dislocation at collaborator's laboratory. A small 106 incision was made in the scrotum, and the cauda epididymides were collected at 37 o C in M2 107 medium. Cauda epididymis for transport were ligated at both ends immediately, apart from the 108 samples for fresh sperm in vitro fertilization (IVF). 128 Isolation and capacitation of epididymal spermatozoa 129 Once cauda epididymis arrived at our laboratory within 24 h after collection and met the 130 acceptance criteria, the samples were washed in prewarmed M2 medium at 37 o C at least three 131 times and the spermatozoa were released from the epididymides into a 4-well dish containing 132 400 µL of human tubal fluid (HTF) medium rewarmed at 37 o C immediately. The spermatozoa 133 were capacitated at 37 o C for 30 min in a 5% CO 2 atmosphere for assessing sperm motility and 134 progressive motility scores, and in vitro fertilization. 135 Assessment of sperm motility and progressive motility scores 136 The capacitated sperm was diluted tenfold with HTF medium (Millipore) and assessed in a 137 Makler chamber. Sperm motility was determined by microscopic analysis according to the 138 criteria described by Jequier and Crich (Jequier & Crich 1986), and the percentage of actively 139 motile spermatozoa and progressive motility scores were assessed using this method (3 replicates 140 per sample; 100 spermatozoa observed in 5-6 fields per replicate). The motility of sperm was 141 scored on a scale of 0 to 4, where 0 indicates no motility; 1, weak or sluggish motility; 2, definite 142 motility; 3, good motility; and 4, vigorous motility. Samples with scores of 2-4 were then used 143 to calculate the percentage of actively motile spermatozoa. 144 IVF to assess the fertilization ability of spermatozoa 145 Ovulated oocytes were obtained from superovulated C57BL/6 mice (4-6 weeks of age) after 146 intraperitoneal (ip) injection with 7.5 IU PMSG followed by 7.5 IU of hCG at 46-48 h after the 147 first injection. The oocytes were isolated in HTF medium and washed in the same medium three 148 times. A few minutes before fertilization, the oocytes were placed in 500 µL prewarmed HTF 149 and covered with sterile mineral oil. 150 Fresh or transported spermatozoa from cauda epididymis were capacitated as described above 151 were used for IVF (Pease et al. 2011). In brief, the concentration of the capacitated sperm was 152 adjusted to approximately 1-2 × 10 7 sperm/mL, and 10 µL of the suspension was added to IVF 153 drops containing oocytes to yield a final concentration of about 2 × 10 5 sperm/mL. This was then 154 incubated at 37 o C for 5-6 h in a humidified atmosphere containing 5% CO 2 . The presumptive 155 zygotes were washed and cultured in HTF under the same conditions.
156 Two-cell embryos were counted 24 h after insemination. The embryos were then washed in 157 potassium simplex optimized medium with amino acids (KSOM-aa, Millipore), and 10-15 158 embryos were cultured in a drop of the same medium (20 μL) covered with a layer of sterile 159 mineral oil. Embryos that developed into blastocysts were counted at 72 h post-insemination. 160 The percentages of two-cell embryos and blastocysts were calculated using the total number of 161 presumptive zygotes in culture. 162 Embryo transfer 163 All the blastocysts were bilaterlly transferred to the uteri of day 2.5 pseudopregnant ICR mice 164 that had been previously mated with vasectomized ICR male mice. Average 12-18 blastocysts 165 were transferred for each pseudopregnant mouse. Offspring were born naturally or delivered by 166 Cesarean section at day 18.5 of gestation. 167 
Statistical analysis
168 Data were analysed using Prism 6.0 (GraphPad Software Inc., La Jolla, CA, USA) and SPSS 17 169 (SPSS Inc., Chicago, IL, USA). Fertilization rates of spermatozoa, rates of two-cell embryos 170 developed to blastocyst in vitro and birth rates of offsprings were analyzed by the χ 2 test. 177 In order to compare the effect of different transport conditions on spermatozoa, we incubated 178 fresh and transported sperm from cauda epididymis in HTF medium at 37 o C for 30 min, and 179 then measured the spermatozoa motility and progressive motility scores . 180 These findings as shown in Figure 3 and Table S1 and S2 demonstrated that the spermatozoa 181 motility significantly differed between fresh and transported cauda epididymal samples, and all 182 of the fresh spermatozoa had considerably higher motility than those transported in cauda 183 epididymis(p<0.05). These results demonstrated that the spermatozoa progressive motility scores 184 of fresh and transported spermatozoa in cauda epididymides at 4-8 o C were comparable in 185 Groups 1 -4, there are no significant differences (p>0.05), but the progressive motility scores of 186 spermatozoa transported from cauda epididymis at RT was inferior to that of fresh spermatozoa, 187 regardless of the presence or absence of transport medium(p<0.05), suggesting that the higher 188 temperature seems have a more impact on spermatozoa progressive motility scores comparing 189 with the absence of transport medium. 190 Spermatozoa motility and progressive motility scores of transported sperm in cauda epididymis 191 In order to evaluate the effect of transport medium and temperature on cauda epididymis 192 delivery, we compared the sperm motility and progressive motility scores from cauda epididymis 193 under different transport conditions. 194 These results (shown in Figure 4 , Table S3 and S4) showed that there were no significant 195 differences in spermatozoa motility in Group I, II and IV, but in Group III the spermatozoa 196 motility were higher when the cauda epididymis were transported at 4-8 o C than at RT regardless 197 of transport medium. These results of sperm progressive motility scores (Figure 4 , Table S5 and 198 S6) showed that there were significant differences in Groups I, III and IV (p<0.05) except for 199 Group II. In Group II, the absence of transport medium did not significantly affect the sperm 200 progressive motility scores from transported cauda epididymis at 4-8 o C (p>0.05). However, no 201 matter under room temperature or at 4-8 o C, the absence of M2 medium will not affect the 202 motility and progressive motility scores of the transported spermatozoa in cauda epididymis 203 (p>0.05). It suggests that regardless of medium, temperature is the key factor of affecting sperm 204 progressive motility scores for transported cauda epididymis. 205 206 We then examined the fertilization ability of fresh and the transported spermatozoa in cauda 207 epididymis at different transport conditions. 208 Fresh and transported spermatozoa in cauda epididymis were capacitated for 30 min at 37 o C and 209 then subjected to IVF (Table 1) . These results revealed that the fertilization rates between fresh 210 and transported spermatozoa from cauda epididymis significantly differed when cauda 211 epididymis were transported at RT, but the fertilization rate of spermatozoa transported in cauda 212 epididymis at 4-8 o C was much better than spermatozoa transported at room temperature. 213 However, their subsequent blastocyst and birth rates of fertilized oocytes were not affected. 214 
Differences in IVF from fresh and transported cauda epididymal sperm

Effects of different transport temperatures and transport medium-free on fertilization rates and
215 the development of IVF embryos 216 Spermatozoa from the transported cauda epididymis were capacitated for 30 min at 37 o C and 217 then subjected to IVF (Table 2 ). These results suggested that the fertilization rates of the 218 transported spermatozoa in cauda epididymis significantly differed when transported at 4-8 o C 219 and at RT, regardless of the presence of M2. Furthermore, the fertilization rates of the 220 spermatozoa transported in cauda epididymis at 4-8 o C were considerably higher than those of 221 the spermatozoa transported at RT. 222 In order to clarify whether the presence or absence of transport medium affected the fertilization 223 rates of spermatozoa transported in cauda epididymis and the subsequent development of IVF 224 embryos from these spermatozoa, we summarized the data from the second experiment and 225 compared the fertilization rates and the embryonic development (Table 3) . 226 Fertilization, blastocyst, and birth rates of the transported sperm via cauda epididymis in 227 transport medium at RT were 38%, 51.2%, and 42.9%, respectively; the corresponding rates of 228 the transported sperm in cauda epididymis without M2 at RT were 31.3%, 57.7%, and 41.5%; 229 the rates for sperm transported in cauda epididymis at 4-8 o C in M2 were 88.9%, 54.8%, and 230 40.2%, respectively; and the rates for sperm transported in cauda epididymis at 4-8 o C without 231 M2 were 85.9%, 58.5%, and 41%, respectively. These results suggested that there were no 232 significant differences in the fertilization rate and development of IVF embryos when the cauda 233 epididymis were transported at the same transport temperature regardless of transport medium. 234 However, the fertilization rate but not the embryo development of IVF was significantly affected 235 when the cauda epididymis were transported at RT comparing to 4-8°C, regardless of the 236 presence of transport medium or not. 248 sperm fertility after cold storage. Lifor was found to be superior to both M2 medium and paraffin 249 oil for maintaining the fertility of sperm collected from epididymides after 72 h of cold storage. 250 Therefore, the results from previous studies implied that the researchers were striving to discover 251 a more suitable medium but no one has found an optimal solution for sperm storage or transport 252 so far. 259 suggested that short-term preservation of sperm without freezing could help avoid the marked 260 decrease in sperm motility and fertility that occurs due to freezing, and have found that the 261 spermatozoa preserved or transported in cauda epididymides at 4 o C could efficiently produce 262 offspring. Thus, the fertility of preserved or transported sperm in cauda epididymides at 4 o C 263 could be maintained, although sperm motility tended to gradually decrease with storage. 264 In order to exclude the effect of medium on sperm during storage and transport, and prevent the 265 leakage of epididymis fluid and sperm out of caua epididymis, in our present study we ligated 266 the both ends of caua epididymis completely for preventing the sample from drying due to loss 267 of moisture during transport. Therefore we used cauda epididymis as a carrier of sperm after they 268 were ligated at both ends and delivered them at 4-8 °C or RT. 269 We found that sperm fertility parameters in spermatozoa transported via cauda epididymides 270 were fairly good comparing with fresh sperm except for the caua epididymides transported at RT 271 (Table 1 , p<0.05), although sperm motility was significantly different between fresh sperm and 272 those transported via cauda epididymides at 4-8 o C (Figure 3) . Similarly, the spermatozoa 273 progressive motility scores of cauda epididymides that were transported at RT was inferior to 274 that of fresh spermatozoa (Figure 3 ). It suggests that the effect of room temperature on sperm 275 motility could ultimately lead to the decrease of fertilization rate. 276 Furthermore, among spermatozoa transported via the cauda epididymides with M2, those that 277 were transported at 4-8°C had a higher spermatozoa motility than those transported at RT (Figure   278 4, p<0.05), and although the presence or absence of M2 did not affect sperm progressive motility 279 scores at 4-8 o C, sperm motility and progressive motility score were negatively impacted when 280 transported at RT (Figure 4, p<0.05) . 281 Although the fertilization rates of the transported spermatozoa in cauda epididymis at the same 282 temperature were comaparably same, we eventually found that the fertilization rates of the 283 transported sperm in cauda epididymis at 4-8 o C were much higher than that at RT. It suggested 284 that in the process of cauda epididymis or sperm transport, temperature was more critical to 285 maintain sperm quality and its fertility (Table 2 ). Our results suggest that during sperm transport 286 via cauda epididymides, absence of transport medium influenced the fertility much less than 287 transport temperature, and the efficiency of RT transport was always not better than that of 4-8 288 o C. 289 Spermatozoa transported at RT with and without M2 yielded IVF fertilization rates of 38% and 290 31.3%, respectively (Table 3) . Moreover, the two-cell embryos from the sperm transported at RT 291 without transport medium could develop to blastocysts at higher developmental rates (57.7%), 292 and healthy pups were obtained from these sperm samples after embryonic transfer, 293 demonstrating the feasibility of sperm delivery at room temperature without transport medium. 294 There are several advantages of sperm transport at room temperature or 4-8 o C as follows: (i) it 295 does not require special containers such as dry shippers, (ii) it does not need bacteriological 296 monitoring for delivery registration, (iii) it does not require the thawing step for subsequent in 297 vitro fertilization and (iv) there is no frostbite risk for the operator as the frozen/transported 298 spermatozoa in liquid nitrogen (LN2) tank. Moreover this transport equipment is cost-effective, 299 easy to assemble and carry. Additionaly, if season temperature is suitable (4-25 o C), this mode of 300 transport should be more convenient and simple comparing with LN2 transport. Epididymis 301 samples just need simple packaging to achieve the purpose of transporting sperm at a high 302 efficiency. 303 In summary, our findings suggest that transport of spermatozoa via the cauda epididymidis at 4-8 304 o C can help maintain a high level of fertility of the transported spermatozoa as compared to 305 transport at RT; furthermore, the modified transport medium-free system is more beneficial to 306 transport of spermatozoa via cauda epididymides at 4-8 o C than at room temperature. Therefore, 307 we strongly believe that our modifications could improve the usefulness of cauda epididymis 308 transport at 4-8 o C. Moreover, we also proved the feasibility of sperm transport at RT although 309 the fertilization capacity of these sperm were sightly poor. Comparison of the fertilization rates of the sperm from transported caudal epididymides at different conditions and the subsequent development of IVF embryos. Summary of the fertilization rates of the sperm from transported caudal epididymides at different conditions and the development of IVF embryos. Values with different superscripts within columns are significantly different at P < 0.05 (Chi-square test).
